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Strength of this study 

� Sepsis-induced coagulopathy (SIC) was the first criterion specifically designed for 

sepsis-associated DIC following the revised sepsis definition (Sepsis-3). 

� SIC is newly designed to select a possible candidate for the anticoagulant therapy 

among the patients with sepsis and coagulopathy. 

� SIC is defined by the platelet count, PT ratio and SOFA score. It is easy to use and 

provides important information.  

�  

Limitations 

� All the subjects utilized in this study were treated with recombinant thrombomodulin. 

Therefore, SIC might applicable for the patients who are going to be treated with this 

agent. Further evaluation of the prognostic value of the SIC sore in patients not 

receiving any anticoagulant treatment is required. 

 

Short title: Proposal of new criteria for sepsis and coagulopathy   
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Abstract 

OBJECTIVE: Recent clinical studies have shown that anticoagulant therapy might be 

effective only in specific at-risk subgroups of patients with sepsis and coagulation 

dysfunction. The definition of sepsis was recently modified and old scoring systems may 

no longer be proper for the diagnosis of sepsis-associated coagulopathy. The aim of this 

study was to evaluate prognostic factors in patients diagnosed as sepsis and coagulopathy 

according to the new sepsis definition and assess their accuracy in comparison to existing 

models.  

DESIGN, SETTING AND PARTICIPANTS: We evaluated the prognostic value of the 

newly proposed diagnostic criteria for sepsis-induced coagulopathy. The data set was 

obtained from a post-marketing survey examining recombinant human soluble 

thrombomodulin and offered by Japanese Society on Thrombosis and Hemostasis. A total 

of 1498 Japanese patients with sepsis and coagulopathy complications who were treated 

with recombinant thrombomodulin were analyzed in this study.  

MAIN OUTCOME MEASURES: The platelet count, prothrombin time (PT) ratio, 

fibrinogen and fibrin degradation products (FDP), systemic inflammatory response 

syndrome (SIRS) score, and sequential organ failure assessment (SOFA) score obtained 

just before the start of treatment were examined in relation to the 28-day mortality rate. 

RESULTS: The platelet count, PT ratio, and total SOFA were independent predictors of a 

fatal outcome in a logistic regression model. A sepsis-induced coagulation (SIC) score was 
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defined using the 3 above-mentioned variables with a positivity threshold of 4 points or 

more. The SIC score predicted higher 28-day mortality rate compared to the Japanese 

Association for Acute Medicine (JAAM)-DIC score (38.4% vs. 34.7%). 

CONCLUSIONS: The SIC scoring is based on readily available parameters, is easy to 

calculate and owns a high predictive value for 28-day mortality. Future studies are 

warranted to evaluate whether the SIC score may guide the decision to initiate 

anticoagulant therapy. 

 

Keywords 

disseminated intravascular coagulation; prothrombin time; platelet count; sepsis; 

thrombomodulin  
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Introduction 

Shock and disseminated intravascular coagulation (DIC) are the two major causes of organ 

dysfunction in sepsis [1]. Dhainaut et al. reported that DIC is a strong predictor of mortality 

independent of the severity of sepsis [2]. As for the management of septic shock, advances 

have been made in recent years leading to significant improvements in survival [3]. In 

contrast, much less attention has been paid to DIC [4]. 

   Although diagnostic criteria exist for DIC, none were specially designed for 

sepsis-associated DIC [5-7] that is uniquely characterized by coagulation activation with 

over-suppression of fibrinolysis and a high incidence of organ dysfunction [8]. The 

objectives of diagnostic criteria should identify a homogenous group of patients with the 

same basic pathophysiology and clinical characteristics, and improve patient outcomes by 

providing specific treatment interventions [9]. To reach these goals, diagnostic criteria 

should meet the following three conditions: (1) they should be readily available and easy to 

use; (2) they should enable diagnostic accuracy; and (3) they should have prognostic value. 

As a new definition for sepsis was announced in 2016 [10], a DIC score that matches the 

new sepsis definition and may identify patients who would benefit from anticoagulant 

treatment is urgently needed. Therefore, the aim of this study is to identify the patients who 

were estimated to achieve the benefit from the anticoagulant therapy.  

 

Methods 
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Data collection  

The data set was obtained from a post-marketing survey examining recombinant human 

soluble thrombomodulin (TM-α; Asahi Kasei Parma Corporation, Tokyo, Japan) performed 

by Asahi Kasei Pharma Corporation between May 2008 and March 2010 [11] and kindly 

provided by the Japanese Society on Thrombosis and Hemostasis with permission. All of 

the cases treated in Japan during this period were registered in the survey. The survey was 

conducted in accordance with the Declaration of Helsinki and Good Vigilance Practice and 

Good Post-marketing Study Practice. Since the anonymization of personal data was 

performed upon data collection, the ethical committees waived the need for informed 

consent acquisition. 

   At the time of data collection, sepsis was defined according to the American College of 

Chest Physicians/Society of Critical Care Medicine consensus definition [12]. A total of 

2516 Japanese patients with sepsis-associated coagulation disorder were registered in this 

survey; however, since the record of sequential organ failure assessment (SOFA) data was 

not mandatory, a complete data set was only obtained in 1498 cases, and all of these 

patients were analyzed in this study. All patients were treated with TM-α (0.06 mg/kg/day 

for 6 days) by either intravenous bolus injection or intravenous infusion (diluted in 50 mL 

0.9% saline) over 15 minutes via a catheter; the exclusion criteria were as follows: age of 

less than 18 years, major bleeding, systemic inflammatory response syndrome (SIRS) score 

≦ 1, hypersensitivity to TM-α, and pregnancy. 
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Laboratory measurements and organ dysfunction assessments 

Blood samples obtained just before the initiation of anticoagulant therapy were analyzed 

and the data were defined as initial data. The platelet count, fibrinogen/fibrin degradation 

products (FDP), and prothrombin time (PT)-INR (international normalization ratio) were 

measured in local laboratories. The Japanese Association for Acute Medicine (JAAM)-DIC 

score [7] was calculated based on the initial (just before the treatment) laboratory data and 

the SIRS score. Respiratory dysfunction, cardiovascular dysfunction, and hepatic and renal 

dysfunction were assessed using the SOFA scores [13], and a score of 2 or more was 

defined as organ dysfunction. 

Statistical analysis 

Differences in patient characteristics between survivors and non-survivors were examined 

using the Fisher exact test or unpaired Wilcoxon signed-rank test. Then, the relationships 

between the 28-day mortality rate and the initial data were examined in univariate and 

multivariate analyses using logistic regression analysis (the enter method). The analysis 

was conducted using the outcome (survived, 0; died, 1) as the dependent variable and age, 

sex, SIRS score, platelet count, PT ratio, and the proportion of various organ dysfunction as 

explanatory variables.  

   The numerical values in the text and tables represent the median and interquartile range 

(IQR), unless otherwise noted. The results of the logistic regression analysis were reported 

as the odds ratio (OR), 95% confidence interval (CI) and P-values. For all the reported 
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results, a value of P < 0.05 was considered to denote statistical significance. The 

above-mentioned analyses were performed using JMP software, version 9.0 (SAS Institute 

Co., Ltd., Cary, North Carolina). 

 

Results 

Baseline characteristics 

Among the 1498 patients, 994 (66.4%) survived at 28 days and 504 (33.6%) died. Table 1 

shows the baseline characteristics of the patients. The median age was lower and the 

proportion of women was larger among the survivors. No difference in the SIRS score (P = 

0.0556) was seen between the two groups, but the JAAM-DIC score (P = 0.0019) was 

higher among the non-survivors. Regarding the hemostatic parameters, the platelet count 

was higher (P < 0.0001) and the PT ratio was lower (P < 0.0001) among the survivors. In 

contrast, the FDP level was not significantly different between the survivors and 

non-survivors. The initial total SOFA score was significantly higher among the 

non-survivors (P < 0.0001), and the proportions of patients with respiratory dysfunction (P 

< 0.0001), cardiovascular dysfunction (P = 0.0426), hepatic dysfunction (P < 0.0001), or 

renal dysfunction (P < 0.0001) were higher among the non-survivors. 

Relationships between biomarkers and mortality 

The results of the univariate and multivariable analyses are shown in Table 2. A 

multivariate analysis using the enter method showed that patient age (P = 0.002), a male 

sex (P = 0.017), a decreased platelet count (P = 0.005), the higher PT ratio (P = 0.024), and 
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higher total SOFA (P < 0.001) were significantly and independently associated with the 

28-day mortality rate. In contrast, the initial SIRS score was not correlated with survival 

(Table 2).  

The SIC score 

The SIC score was developed based on the result of the logistic regression analyses. The 

relationship between the initial platelet count and mortality is shown in Figure 1, left panel. 

As shown in the figure, the mortality rate was less than 30% when the platelet count was 

more than 100 x 10
3
 µL but increased to 35% when the platelet count decreased to below 

100 x 10
3
 µL. In contrast, the mortality rate increased steadily as the initial PT ratio 

increased and reached 40% at a PT ratio of more than 1.4 (Figure 1, middle). The mortality 

increased along with the increase of initial total SOFA (Figure 1, right). For the SIC scoring, 

the organ dysfunction scores were defined according to the criteria used for SOFA scoring 

[13]. Total SOFA was scored based on the scores of respiratory SOFA, cardiovascular 

SOFA, hepatic SOFA and renal SOFA. The score of total SOFA was defined as 2 if the total 

score exceeded 2. For the PT ratio, the cutoff value to assign 1 point was set at 1.2 in 

accordance with the JAAM-DIC criteria, while the cutoff value for 2 points was set at 1.4 

based on the case number distribution and the mortality rate. Finally, SIC was defined as a 

total score of 4 or more in Table 3, since the mortality rate at this point exceeded 20% 

(Figure 2, left), with the requirement that the total score for the platelet count and the PT 

ratio exceed 2. 
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Comparison of the SIC and JAAM-DIC criteria  

A total of 902 patients were diagnosed as having SIC, while 1332 patients met the JAAM 

criteria for DIC. The respective mortality rates for these classifications were 38.4% and 

34.7% (Table 4). Figure 2 shows the relationship between the 28-day mortality rate and the 

SIC scores (left panel) and the JAAM-DIC score (right panel). Using the SIC scoring 

system, the mortality rate increased in a linear fashion. The mortality rate was 30% at a 

score of 4 and increased steeply to a maximum of over 45% at a score of 6. In contrast, the 

mortality rate did not seem to be strongly correlated with the JAAM-DIC score. The 

mortality rate had already exceeded 20% at scores of 1 to 3, and it increased to over 30% at 

a score of 4. The mortality rate gradually increased thereafter, reaching approximately 40% 

at a score of 8.  

 

Discussion 

The relationship and balance between coagulation and fibrinolysis system is regulated by a 

complex series of interactions. Microbial products induce the synthesis and the release of 

inflammatory mediators during sepsis. In addition to these pathogen-associated molecular 

patterns (PAMPs), pro-inflammatory substances known as damage-associated molecular 

patterns (DAMPs) are also released from activated or damaged host cells [14,15]. Both 

PAMPs and DAMPs activate the coagulation system together with the host immune 

response, leading to DIC [14,16]. Since the primary function of these biologic responses is 
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to assist the host in sequestering and eliminating the microbes, the suppression of 

coagulation at this stage may not lead to a better outcome. In contrast, patients with 

compromised organ circulation may benefit of anticoagulant therapy [17]. However, all of 

the anticoagulants examined in the early 21
st
 century failed to show any efficacy [18,19]. 

One of the major reasons for this was that these studies targeted severe sepsis, rather than 

sepsis-associated coagulopathy [2,20]. After a series of disappointing reports, Umemura et 

al. suggested that anticoagulant therapies might be beneficial if they were applied to septic 

patients with a severe coagulation disorder [21]. In addition, Yamakawa et al. also reported 

an association between the application of anticoagulant therapy and a decrease in mortality 

among patients with a high risk of death (SOFA score of 13–17) [22]. With respect to 

recombinant thrombomodulin, recent studies examining its effects in patients with septic 

DIC have repeatedly reported favorable results [2,22] with more prominent benefits as the 

severity increased [23,24]. In a Phase 2 clinical trial performed in 17 countries, 

recombinant thrombomodulin tended to exhibit an effect in patients with organ dysfunction 

having a PT ratio of greater than 1.4 before the treatment [24]. Recombinant 

thrombomodulin has been used in patients who meet the JAAM-DIC criteria in Japan, 

which, however, might not be appropriate [25]. Yoshimura et al [26]. reported that a 

beneficial effect was only seen in patients diagnosed as having DIC and who had an 

APACHE II score of between 24 and 29. Thus, to identify appropriate candidates for 

anticoagulant therapy, we added a category for organ dysfunction in patients with SIC and 
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targeted individuals with a mortality rate higher than that of patients meeting the 

JAAM-DIC criteria. This new SIC category represents “sepsis (Third International 

Consensus Definitions [Sepsis 3] [10]), and coagulation disorder,” which could be a 

suitable target for therapeutic interventions. Previous reports have consistently reported 

efficacy when the 30-day mortality rate in the treated group was between 20% and 30% 

[27,28], and not below 20% [24]. As a matter of fact, a subgroup analysis of a Phase 3 

study performed in Japan demonstrated that the mortality rate in a heparin-control group 

was 31.6%, while that of a TM-α group was 21.4% [29]. In the present study, the mortality 

rate of the SIC group was about 30% when the total score was 4, and it increased as the SIC 

score increased.  

   Another purpose of this study was to compare the SIC and JAAM-DIC classifications. 

In SIC, the SIRS score used in the JAAM-DIC criteria was replaced with the SOFA score, 

and the FDP criterion was eliminated. The prognostic relevance of SIRS has been 

questioned and it was not used in the new definition of sepsis. The significance of 

fibrin-related markers in DIC differs depending on the underlying disease [30], and the 

impact of the FDP criterion was limited in patients with fibrinolysis-suppressed-type 

coagulation disorders, as represented by sepsis. The current study indicated that the SIC 

score identified patients with a higher risk of death, compared with the JAAM-DIC score 

(38.4% vs. 34.7%), and the numbers of diagnosed cases were 902 and 1332, respectively. 

Therefore, we speculate that the SIC score might better identify candidates for 
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anticoagulant therapy rather than the JAAM-DIC score. The other advantage of SIC is the 

simplicity of its calculation. Indeed, the FDP criterion was omitted, and SIRS score was 

replaced to SOFA score. Since the SOFA score is routinely evaluated in the ICU, the 

addition of a PT test is relatively easy to implement in clinical practice. 

Limitations 

There are limitations to our current study. First, data from a post-marketing survey was 

utilized in this study. Thus, all the subjects were treated with recombinant thrombomodulin. 

Data from other databases of patients treated without anticoagulants, or treated with other 

anticoagulants, such as antithrombin, should also be examined. Second, the goal of this 

study was to identify a subgroup of patients with high mortality rates who could benefit of 

anticoagulant therapy. Further evaluation of the prognostic value of the SIC sore in patients 

not receiving any anticoagulant treatment is warranted.  

 

Conclusions 

We have proposed SIC as a new category of patients with “sepsis and coagulopathy.” Since 

the SIC category adheres to the new sepsis criteria (Third International Consensus 

Definitions), this definition will be easy to use and should provide important and novel 

information to the physicians.  
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Legends 

Figure 1. Patient counts and mortality rates according to platelet count, prothrombin time 

ratio, and total SOFA score. The bar graph shows the number of patients in each category, 

and the line graph represents the mortality rate. X-axis represents the score and (case 

number). Left: Many of the patients had an initial platelet count of 100 x 10
3
 µL or less. 

Mortality increased to 35% when the count decreased to less than 100 x 10
3
 µL. Middle: 

Mortality increased along with an increase in the prothrombin time ratio, reaching more 

than 40% when the prothrombin time ratio was more than 1.4. Right: The population of 

total SOFA score of 0 and 1 are quite limited, and the mortality of this population was 

lower than that of the score of 2 or more. 

 

Figure 2. Patient counts and mortality rates according to the sepsis-induced coagulopathy 

(SIC) and the Japanese Association for Acute Medicine (JAAM) disseminated intravascular 

coagulation (DIC) classifications. The patient distributions (bars) and the mortality rates 

(lines) are plotted according to the SIC scores (left) and the JAAM-DIC scores (right). 

X-axis represents the score and (case number). The mortality rate increased as SIC score 

elevated and exceeded 20% at a score of 4. In contrast, the mortality rate exceeded 30% at a 

JAAM-DIC score of 4 and gradually increased to 40%. 
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Table 1. Baseline characteristics of the patients 

 

Characteristics 

 

Survivor 

(n = 994) 

 Non-survivor 

(n = 504) 

 P-value      

Age (years)                       70 (58–78)  73 (62–80)  0.0001 

Sex (male/female) 560/434  329/175  0.0009 

Baseline values  

SIRS score 

SIRS score ≧3 

JAAM-DIC score 

3 (2–4) 

625(62.9%） 

5 (4–7) 

 3 (2–4) 

341(67.7%) 

6 (5–7) 

 0.0556 

0.0677 

0.0019 

Platelet count ( x 10
3
 µL)  61 (36–89)  49 (29–78）    < 0.0001 

FDP (µg/mL)  25.3 (13.0–51.9)  25.4 (12.2–51.7)  0.7788 

PT ratio  1.30 (1.16-1.48)  1.36 (1.21–1.64)  < 0.0001 

Organ dysfunction 

Total SOFA 

 

5(3–6) 

  

5 (4–7) 

  

< 0.0001 

respiratory SOFA ≧2 621 (62.5%）  395 (78.4%）  < 0.0001 

cardiovascular SOFA ≧2 

hepatic SOFA ≧2  

renal SOFA ≧2 

636 (64.0%） 

272 (27.4%） 

326 (32.8%） 

 349 (69.3%) 

202 (40.8%） 

221 (43.8%） 

 0.0426 

< 0.0001 

< 0.0001 

 

JAAM Japanese association for acute medicine, DIC disseminated intravascular coagulation, 

SIRS systemic inflammatory response syndrome, FDP fibrinogen and fibrin degradation 

products, PT prothrombin time, SOFA sequential organ failure assessment 

Total SOFA is scored by 4 items (respiratory SOFA, cardiovascular SOFA, hepatic SOFA, 

renal SOFA). The score of each organ is defined as 2 in case of 2 or more. 
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Table 2. Relationship between 28-day mortality and baseline characteristics  

 

Item 

Univariate Multivariate 

OR 95% CI P-value OR 95% CI P-value 

Age (years)  1.010 1.004-1.016 0.002 1.010 1.004-1.017 0.002 

Sex (male/female) 1.457 1.168-1.821 0.001 1.323 1.052-1.668 0.017 

Platelet count (x109/L) 0.965 0.945-0.984 0.000 0.972 0.951-0.992 0.005 

PT ratio 1.225 1.065-1.435 0.004 1.169 1.020-1.364 0.024 

Total SOFA 1.252 1.181-1.328 0.000 1.213 1.143-1.289 0.000 

 

OR odds ratio, CI confidence interval, SIRS systemic inflammatory response syndrome, PT 

prothrombin time, SOFA sequential organ failure assessment  

Total SOFA is scored by 4 items (respiratory SOFA, cardiovascular SOFA, hepatic SOFA, 

renal SOFA). 
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Table 3. Scoring for the diagnosis of Sepsis-Induced Coagulopathy (SIC) 

 

 

Diagnosed as Sepsis-Induced Coagulopathy (SIC) when the total score is 4 or more with 

total score of Prothrombin time and Coagulation exceed 2. Total SOFA is scored by 4 items 

(respiratory SOFA, cardiovascular SOFA, hepatic SOFA, renal SOFA). The score of each 

organ is defined as 2 in case of 2 or more. 

 

PT prothrombin time, INR international normalization ratio, SOFA sequential organ failure 

assessment 

  

Category Parameter Score 0 Score 1 Score 2 

Prothrombin time PT-INR ≦ 1.2 > 1.2 > 1.4 

Coagulation 
Platelet count 
( x 10

3
 /µL) ≧ 150 < 150 < 100 

Total SOFA SOFA 4 items 0 1 ≧ 2 
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Table 4. Patient count and mortality 

 

  SIC  

  + - total 

JAAM-DIC 
+ 855 (38.6%) 477 (27.7%) 1332 (34.7%) 

- 47 (34.0%) 119 (21.8%) 166 (25.3%) 

 total 902 (38.4%) 596 (26.5%) 1498 (33.6%) 

 

SIC sepsis-induced coagulopathy, JAAM-DIC Japanese Association for Acute 

Medicine-disseminated intravascular coagulation 
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Introduction 

Background 
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Methods 

Source of data 
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Describe the study design or source of data (e.g., randomized trial, cohort, or 
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Participants 
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6 

5b Describe eligibility criteria for participants.  6 
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Clearly define the outcome that is predicted by the prediction model, including how 
and when assessed.  
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6b Report any actions to blind assessment of the outcome to be predicted.  7 

Predictors 

7a 
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Missing data 9 
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Statistical 
analysis 
methods 

10a Describe how predictors were handled in the analyses.  7 
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Results 

Participants 
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participants with and without the outcome and, if applicable, a summary of the 
follow-up time. A diagram may be helpful.  

8 

13b 
Describe the characteristics of the participants (basic demographics, clinical 
features, available predictors), including the number of participants with missing 
data for predictors and outcome.  
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Model 
development  

14a Specify the number of participants and outcome events in each analysis.  8-9 

14b 
If done, report the unadjusted association between each candidate predictor and 
outcome. 
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Model 
specification 
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Present the full prediction model to allow predictions for individuals (i.e., all 
regression coefficients, and model intercept or baseline survival at a given time 
point). 
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15b Explain how to the use the prediction model. 10 

Model 
performance 

16 Report performance measures (with CIs) for the prediction model. 10 

Discussion 

Limitations 18 
Discuss any limitations of the study (such as nonrepresentative sample, few events 
per predictor, missing data).  

13 

Interpretation 
19b Give an overall interpretation of the results, considering objectives, limitations, and 

results from similar studies, and other relevant evidence.  
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Implications 20 Discuss the potential clinical use of the model and implications for future research.  13 
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Supplementary 
information 

21 
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protocol, Web calculator, and data sets.  
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Funding 22 Give the source of funding and the role of the funders for the present study.  14 
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Strength of this study 

� Sepsis-induced coagulopathy (SIC) is the first scoring system specifically designed for 

coagulation disturbances in sepsis following the new Sepsis-3 definition. 

� SIC is defined by the routine coagulation tests such as platelet count and PT ratio 

together with SOFA score. 

Limitations 

� Selection bias can exist since all the subjects were treated with recombinant 

thrombomodulin.  

� Evaluation of the prognostic value of the SIC sore in patients receiving no 

anticoagulant has not yet been performed. 

 

Short title: Proposal of new criteria for sepsis and coagulopathy   
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Abstract 

OBJECTIVE: Recent clinical studies have shown that anticoagulant therapy might be 

effective only in specific at-risk subgroups of patients with sepsis and coagulation 

dysfunction. The definition of sepsis was recently modified and as such, old scoring 

systems may no longer be appropriate or the diagnosis of sepsis-associated coagulopathy. 

The aim of this study was to evaluate prognostic factors in patients diagnosed with sepsis 

and coagulopathy according to the new sepsis definition and assess their accuracy in 

comparison with existing models.  

DESIGN: Retrospective analysis of the nationwide survey for recombinant human soluble 

thrombomodulin.  

SETTING: General emergency and critical care centers in secondary and tertiary care 

hospitals. 

PARTICIPANTS: We evaluated the prognostic value of the newly proposed diagnostic 

criteria for sepsis-induced coagulopathy. A total of 1498 Japanese patients with sepsis and 

coagulopathy complications who were treated with recombinant thrombomodulin were 

analyzed in this study.  

MAIN OUTCOME MEASURES: The platelet count, prothrombin time (PT) ratio, 

fibrinogen and fibrin degradation products (FDP), systemic inflammatory response 

syndrome (SIRS) score, and sequential organ failure assessment (SOFA) score obtained 

just before the start of treatment were examined in relation to the 28-day mortality rate. 
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RESULTS: The platelet count, PT ratio, and total SOFA were independent predictors of a 

fatal outcome in a logistic regression model. A sepsis-induced coagulation (SIC) score was 

defined using the 3 above-mentioned variables with a positivity threshold of 4 points or 

more. The SIC score predicted higher 28-day mortality rate compared to the current 

Japanese Association for Acute Medicine (JAAM)-DIC score (38.4% vs. 34.7%). 

CONCLUSIONS: The SIC score is based on readily available parameters, is easy to 

calculate and has a high predictive value for 28-day mortality. Future studies are warranted 

to evaluate whether the SIC score may guide the decision to initiate anticoagulant therapy. 

 

Keywords 

Disseminated intravascular coagulation; prothrombin time; platelet count; sepsis; 

thrombomodulin  
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Introduction 

Shock and disseminated intravascular coagulation (DIC) are the two major causes of organ 

dysfunction in sepsis [1]. Dhainaut et al. reported that DIC is a strong predictor of mortality 

in septic patients independent of the severity of sepsis [2]. Although advances have been 

made in recent years in the management of septic shock leading to significant 

improvements in survival, less attention has been paid to the DIC component [3,4]. 

   Although diagnostic criteria exist for DIC, none were specially designed for 

sepsis-associated DIC [5-7] that is uniquely characterized by coagulation activation with 

over-suppression of fibrinolysis and a high incidence of organ dysfunction [8]. The 

objectives of diagnostic criteria should ideally be to identify a homogenous group of 

patients with similar pathophysiology and clinical characteristics, whose outcomes can be 

improved by providing specific treatment interventions [9]. To reach these goals, diagnostic 

criteria should meet the following three conditions: (1) they should be readily available and 

easy to use; (2) they should enable diagnostic accuracy; and (3) they should have 

prognostic value. Since the new definition for sepsis was announced in 2016 [10], a DIC 

score that matches this definition and would help in identifying patients who would benefit 

from anticoagulant treatment is urgently needed. Therefore, the aim of this study was to 

evaluate prognostic factors in patients diagnosed with sepsis and coagulopathy according to 

the new sepsis definition and assess their accuracy in comparison with the existing models.  

 

Page 5 of 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

 6

Methods 

Data collection  

The data set was obtained from a post-marketing survey examining recombinant human 

soluble thrombomodulin (TM-α; Asahi Kasei Parma Corporation, Tokyo, Japan) performed 

by Asahi Kasei Pharma Corporation between May 2008 and March 2010 [11] and kindly 

provided by the Japanese Society on Thrombosis and Hemostasis with permission. All of 

the cases treated in Japan during this period were registered in the survey. The survey was 

performed under the supervision of the Japanese Ministry of Health, Labour and Welfare 

(JMHW), and was conducted in accordance with the Declaration of Helsinki and Good 

Vigilance Practice and Good Post-marketing Study Practice. Since complete anonymization 

of personal data was performed upon data collection and the identification of the each 

patient was not possible, the ethical committees waived the need to acquire informed 

consent from patients. 

   At the time of data collection, sepsis was defined according to the American College of 

Chest Physicians/Society of Critical Care Medicine consensus definition [12]. A total of 

2516 Japanese patients with sepsis-associated coagulation disorder were registered in this 

survey; however, since the record of sequential organ failure assessment (SOFA) data was 

not mandatory, a complete data set was only obtained in 1498 cases, and all of these 

patients were analyzed in this study. All patients were treated with TM-α (0.06 mg/kg/day 

for 6 days) by either intravenous bolus injection or intravenous infusion (diluted in 50 mL 
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0.9% saline) over 15 minutes via a catheter; the exclusion criteria were as follows: age less 

than 18 years, major bleeding, systemic inflammatory response syndrome (SIRS) score ≦ 1, 

hypersensitivity to TM-α, and pregnancy. 

Laboratory measurements and organ dysfunction assessments 

Blood samples obtained just before the initiation of anticoagulant therapy were analyzed 

and this data were defined as the ‘initial data’. The platelet count, fibrinogen/fibrin 

degradation products (FDP), and prothrombin time (PT)-international normalization ratio 

(INR) were measured in local laboratories. The Japanese Association for Acute Medicine 

(JAAM)-DIC score [7] was calculated based on the initial (just before TM-α treatment) 

laboratory data and the SIRS score. Dysfunctions of the respiratory, cardiovascular, hepatic, 

and renal systems were assessed as in the SOFA score [13]. A score of 2 or more within 

each of these systems was defined as organ dysfunction. 

Statistical analysis 

Differences in patient characteristics between survivors and non-survivors were examined 

using the Fisher exact test or unpaired Wilcoxon signed-rank test. Then, the relationships 

between the 28-day mortality rate and the initial data were examined in univariate and 

multivariate analyses using logistic regression analysis (the enter method). The analysis 

was conducted using the outcome (survived, 0; died, 1) as the dependent variable and age, 

sex, SIRS score, platelet count, PT ratio, and the proportion of various organ dysfunction as 

explanatory variables.  
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   The numerical values in the text and tables represent the median and interquartile range 

(IQR), unless otherwise noted. The results of the logistic regression analysis were reported 

as the odds ratio (OR), 95% confidence interval (CI) and P-values. For all the reported 

results, a value of P < 0.05 was considered to denote statistical significance. The 

above-mentioned analyses were performed using JMP software, version 9.0 (SAS Institute 

Co., Ltd., Cary, North Carolina). 

 

Results 

Baseline characteristics 

Among the 1498 patients, 994 (66.4%) survived at 28 days and 504 (33.6%) died. Table 1 

shows the baseline characteristics of the patients. The median age was lower and the 

proportion of women was larger among the survivors. No difference in the SIRS score (P = 

0.0556) was seen between the two groups, but the JAAM-DIC score (P = 0.0019) was 

higher among the non-survivors. Regarding the hemostatic parameters, the platelet count 

was higher (P < 0.0001) and the PT ratio was lower (P < 0.0001) among the survivors. In 

contrast, the FDP level was not significantly different between the survivors and 

non-survivors. The initial total SOFA score was significantly higher among the 

non-survivors (P < 0.0001), and the proportions of patients with respiratory dysfunction (P 

< 0.0001), cardiovascular dysfunction (P = 0.0426), hepatic dysfunction (P < 0.0001), or 

renal dysfunction (P < 0.0001) were higher among the non-survivors. 

Relationships between biomarkers and mortality 
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The results of the univariate and multivariable analyses are shown in Table 2. A 

multivariate analysis using the enter method showed that patient age (P = 0.002), male sex 

(P = 0.017), decreased platelet count (P = 0.005), higher PT ratio (P = 0.024), and higher 

total SOFA (P < 0.001) were significantly and independently associated with the 28-day 

mortality rate. In contrast, the initial SIRS score was not correlated with survival (Table 2).  

The SIC score 

The SIC score was developed based on the result of the logistic regression analyses. The 

relationship between the initial platelet count and mortality is shown in Figure 1, left panel. 

As shown in the figure, the mortality rate was less than 30% when the platelet count was 

more than 100 x 10
3
 µL but increased to 35% when the platelet count decreased below 100 

x 10
3
 µL. In contrast, the mortality rate increased steadily as the initial PT ratio increased 

and reached 40% at a PT ratio of more than 1.4 (Figure 1, middle). The mortality increased 

along with the increase of the initial total SOFA (Figure 1, right). For the SIC scoring, the 

organ dysfunction scores were defined according to the criteria used for the SOFA score 

[13]. Total SOFA is calculated as the sum of the 4 items (respiratory SOFA, cardiovascular 

SOFA, hepatic SOFA, renal SOFA). The score of total SOFA was defined as 2 if the total 

score exceeded 2. For the PT ratio, the cutoff value to assign 1 point was set at 1.2 in 

accordance with the JAAM-DIC criteria, while the cutoff value for 2 points was set at 1.4 

based on the case number distribution and the mortality rate. Finally, SIC was defined as a 

total score of 4 or more (Table 3), since the mortality rate at this point exceeded 20% 
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(Figure 2, left), with the requirement that the total score for the platelet count and the PT 

ratio exceed 2. 

Comparison of the SIC and JAAM-DIC criteria  

A total of 902 patients were diagnosed as having SIC, while 1332 patients met the JAAM 

criteria for DIC. The respective mortality rates for these classifications were 38.4% and 

34.7%. Among the patients diagnosed with DIC by the JAAM score, 477 cases were 

negative with SIC while 47 patients were DIC negative using the JAAM-DIC but positive 

with SIC (Table 4). The mortality of the patients having positive JAAM-DIC but negative 

SIC was 27.7%; while that of patients positive with SIC but negative with JAAM-DIC was 

34.0%. Figure 2 shows the relationship between the 28-day mortality rate and the SIC score 

(left panel) and the JAAM-DIC score (right panel). Using the SIC scoring system, the 

mortality rate increased in a linear fashion. The mortality rate was 30% at a score of 4 and 

increased steeply to a maximum of over 45% at a score of 6. In contrast, the mortality rate 

did not seem to be strongly correlated with the JAAM-DIC score. The mortality rate had 

already exceeded 20% at scores of 1 to 3, and it increased to over 30% at a score of 4. The 

mortality rate increased only gradually thereafter, reaching approximately 40% at a score of 

8.     

   The median JAAM-DIC score in the survivors was 5 (4 to 7) before treatment and it 

decreased to 3 (1 to 4). The score also decreased from 6 (5 to 7) to 5 (4 to 6) in the 
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non-survivors. In contrast, though SIC score decreased from 5 (4 to 5) to 3 (2 to 3) in 

survivors, it did not decrease in non-survivors (5 [4 to 6] to 5 [3 to 5]). 

 

Discussion 

The relationship and balance between coagulation and fibrinolysis system is regulated by a 

complex series of interactions. Microbial products induce the synthesis and the release of 

inflammatory mediators called pathogen-associated molecular patterns (PAMPs) during 

sepsis. In addition to these PAMPs, pro-inflammatory substances known as 

damage-associated molecular patterns (DAMPs) are also released from activated or 

damaged host cells [14,15]. Both PAMPs and DAMPs activate the coagulation system 

together with the host immune response, leading to DIC [14,16]. Since the primary function 

of these biologic responses is to assist the host in sequestering and eliminating the microbes, 

the suppression of coagulation at this stage may not always lead to a better outcome. In 

contrast, patients with compromised organ circulation may benefit from anticoagulant 

therapy [17]. However, all of the anticoagulants examined in the early 21
st
 century failed to 

show any efficacy in these patients [18,19]. One of the major reasons for this was that these 

studies targeted severe sepsis (without coagulation disturbances), rather than 

sepsis-associated coagulopathy [2,20]. After a series of disappointing reports, Umemura et 

al. suggested that anticoagulant therapies might be beneficial if they were applied to septic 

patients who have a severe coagulation disorder [21]. In addition, Yamakawa et al. also 
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reported an association between the application of anticoagulant therapy and a decrease in 

mortality among patients with a high risk of death (SOFA score of 13–17) [22]. With 

respect to recombinant thrombomodulin, recent studies examining its effects in patients 

with septic DIC have repeatedly reported favorable results [2,22] with more prominent 

benefits as the severity of coagulopathy increased [23,24]. In a Phase 2 clinical trial 

performed in 17 countries, recombinant thrombomodulin tended to exhibit an effect in 

patients with organ dysfunction having a PT ratio of greater than 1.4 before the treatment 

[24]. Recombinant thrombomodulin has been used in Japanese patients who meet the 

JAAM-DIC criteria which, however, might not be appropriate [25]. Yoshimura et al. [26] 

reported that a beneficial effect was only seen in patients diagnosed as having DIC and had 

an APACHE II score of between 24 and 29. Thus, to identify appropriate candidates for 

anticoagulant therapy, we added a category for organ dysfunction in patients with SIC and 

targeted individuals with a mortality rate higher than that of patients meeting the 

JAAM-DIC criteria. This new SIC category represents “sepsis (Third International 

Consensus Definitions [Sepsis 3] [10]), and coagulation disorder,” which could be a 

suitable target for therapeutic interventions. Previous reports have consistently reported 

efficacy when the 30-day mortality rate in the TM-α-treated group was between 20% and 

30% [27,28], and not below 20% [24]. As a matter of fact, a subgroup analysis of a Phase 3 

study performed in Japan demonstrated that the mortality rate in a heparin-control group 

was 31.6%, while that of TM-α group was 21.4% [29]. In the present study, the mortality 
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rate of the SIC group was about 30% when the total score was 4, and it increased as the SIC 

score increased.  

   Another purpose of this study was to compare the SIC and JAAM-DIC criteria. In SIC, 

the SIRS score used in the JAAM-DIC criteria was replaced with the SOFA score, and the 

FDP criterion was eliminated. This was based on the fact that the prognostic relevance of 

SIRS has been questioned and was not used in the new definition of sepsis. Besides, the 

significance of fibrin-related markers in DIC differs depending on the underlying disease 

[30], and the impact of the FDP criterion was limited to patients with 

fibrinolysis-suppressed-type coagulation disorders, as represented by sepsis. The current 

study indicated that the SIC score identified patients with a higher risk of death, compared 

with the JAAM-DIC score (38.4% vs. 34.7%), and the numbers of diagnosed cases were 

902 and 1332, respectively. The mortality of patients who satisfied SIC criteria but not 

JAAM-DIC criteria was 6.3% higher than that diagnosed using JAAM-DIC criteria but not 

satisfied SIC criteria. Therefore, we speculate that the SIC score might better identify 

candidates for anticoagulant therapy rather than the JAAM-DIC score. The other advantage 

of SIC is the simplicity of its calculation. Indeed, the FDP criterion was omitted, and SIRS 

score was replaced by the SOFA score. Since the SOFA score is routinely evaluated in the 

ICU, the addition of a PT test is relatively easy to implement in clinical practice. 

Limitations 
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There are limitations to our current study. First, data from a post-marketing survey was 

utilized in this study and all subjects were treated with recombinant thrombomodulin. 

While treatment could influence the overall 28-day mortality rate, it is unlikely that it 

affected the performance of the SIC score. This study also did not analyze the ability of SIC 

in identifying septic patients with coagulopathy not treated with any anticoagulants, or 

treated with anticoagulants other than TM-α, such as antithrombin. 

 

Conclusions 

We have proposed SIC as a new score for patients with “sepsis and coagulopathy.” Since 

the SIC score adheres to the new sepsis criteria (Third International Consensus Definitions), 

this definition will be easy to use and should provide important and novel information to 

the physicians.  
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Legends 

Figure 1. Patient counts and mortality rates according to platelet count, prothrombin time 

ratio, and total SOFA score. The bar graph shows the number of patients in each category, 

and the line graph represents the mortality rate. X-axis represents the score and (case 

number). Left: Many of the patients had an initial platelet count of 100 x 10
3
 µL or less. 

Mortality increased to 35% when the count decreased to less than 100 x 10
3
 µL. Middle: 

Mortality increased along with an increase in the prothrombin time ratio, reaching more 

than 40% when the prothrombin time ratio was more than 1.4. Right: The population of 

total SOFA score of 0 and 1 are quite limited, and the mortality of this population was 

lower than that of the score of 2 or more. 

 

Figure 2. Patient counts and mortality rates according to the sepsis-induced coagulopathy 

(SIC) and the Japanese Association for Acute Medicine (JAAM) disseminated intravascular 

coagulation (DIC) classifications. The patient distributions (bars) and the mortality rates 

(lines) are plotted according to the SIC scores (left) and the JAAM-DIC scores (right). 

X-axis represents the score and (case number). The mortality rate increased as SIC score 

elevated and exceeded 20% at a score of 4. In contrast, the mortality rate exceeded 30% at a 

JAAM-DIC score of 4 and gradually increased to 40%. 
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Table 1. Baseline characteristics of the patients 

 

Characteristics 

 

Survivor 

(n = 994) 

 Non-survivor 

(n = 504) 

 P-value      

Age (years)                       70 (58–78)  73 (62–80)  0.0001 

Sex (male/female) 560/434  329/175  0.0009 

Baseline values  

SIRS score 

SIRS score ≧3 

JAAM-DIC score 

3 (2–4) 

625(62.9%） 

5 (4–7) 

 3 (2–4) 

341(67.7%) 

6 (5–7) 

 0.0556 

0.0677 

0.0019 

Platelet count ( x 10
3
 µL)  61 (36–89)  49 (29–78）    < 0.0001 

FDP (µg/mL)  25.3 (13.0–51.9)  25.4 (12.2–51.7)  0.7788 

PT ratio  1.30 (1.16-1.48)  1.36 (1.21–1.64)  < 0.0001 

Organ dysfunction 

Total SOFA 

 

5 (3–6) 

  

5 (4–7) 

  

< 0.0001 

respiratory SOFA ≧2* 

  (PaO2/FiO2 < 300) 

621 (62.5%）  395 (78.4%）  < 0.0001 

cardiovascular SOFA ≧2* 

  (requirement of vasopressors) 

hepatic SOFA ≧2* 

  (bilirubin ≧2.0 mg/dL)* 

renal SOFA ≧2* 

  (creatinine ≧2.0 mg/dL) 

636 (64.0%) 

 

272 (27.4%) 

 

326 (32.8%） 

 349 (69.3%) 

 

202 (40.8%) 

 

221 (43.8%） 

 0.0426 

 

< 0.0001 

 

< 0.0001 

 

JAAM Japanese association for acute medicine, DIC disseminated intravascular coagulation, 

SIRS systemic inflammatory response syndrome, FDP fibrinogen and fibrin degradation 

products, PT prothrombin time, SOFA sequential organ failure assessment 

Total SOFA is the sum the 4 items (respiratory SOFA, cardiovascular SOFA, hepatic SOFA, 

renal SOFA). The score of total SOFA is defined as 2 if the total score exceeded 2. 

* Defined according to the Third International Consensus for Sepsis and Septic Shock. 

[13].  
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Table 2. Relationship between 28-day mortality and baseline characteristics  

 

Item 

Univariate Multivariate 

OR 95% CI P-value OR 95% CI P-value 

Age (years)  1.010 1.004-1.016 0.002 1.010 1.004-1.017 0.002 

Sex (male/female) 1.457 1.168-1.821 0.001 1.323 1.052-1.668 0.017 

Platelet count (x109/L) 0.965 0.945-0.984 0.000 0.972 0.951-0.992 0.005 

PT ratio 1.225 1.065-1.435 0.004 1.169 1.020-1.364 0.024 

Total SOFA 1.252 1.181-1.328 0.000 1.213 1.143-1.289 0.000 

 

OR odds ratio, CI confidence interval, SIRS systemic inflammatory response syndrome, PT 

prothrombin time, SOFA sequential organ failure assessment  

Total SOFA is the sum the 4 items (respiratory SOFA, cardiovascular SOFA, hepatic SOFA, 

renal SOFA). The score of total SOFA is defined as 2 if the total score exceeded 2. 
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Table 3. Scoring for the diagnosis of Sepsis-Induced Coagulopathy (SIC) 

 

 

Diagnosed as Sepsis-Induced Coagulopathy (SIC) when the total score is 4 or more with 

total score of Prothrombin time and Coagulation exceed 2.  

Total SOFA is the sum the 4 items (respiratory SOFA, cardiovascular SOFA, hepatic SOFA, 

renal SOFA). The score of total SOFA is defined as 2 if the total score exceeded 2. 

PT prothrombin time, INR international normalization ratio, SOFA sequential organ failure 

assessment 

  

Category Parameter 0 point 1 point 2 points 

Prothrombin time PT-INR ≦ 1.2 > 1.2 > 1.4 

Coagulation 
Platelet count 
( x 10

3
 /µL) ≧ 150 < 150 < 100 

Total SOFA SOFA 4 items 0 1 ≧ 2 
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Table 4. Patient count and mortality 

 

  SIC  

  + - total 

JAAM-DIC 
+ 855 (38.6%) 477 (27.7%) 1332 (34.7%) 

- 47 (34.0%) 119 (21.8%) 166 (25.3%) 

 total 902 (38.4%) 596 (26.5%) 1498 (33.6%) 

 

SIC sepsis-induced coagulopathy, JAAM-DIC Japanese Association for Acute 

Medicine-disseminated intravascular coagulation 
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TRIPOD Checklist: Prediction Model Development 
 
Section/Topic Item Checklist Item Page 

Title and abstract 

Title 1 
Identify the study as developing and/or validating a multivariable prediction model, 
the target population, and the outcome to be predicted. 

1 

Abstract 2 
Provide a summary of objectives, study design, setting, participants, sample size, 
predictors, outcome, statistical analysis, results, and conclusions. 

3-4 

Introduction 

Background 
and objectives 

3a 
Explain the medical context (including whether diagnostic or prognostic) and 
rationale for developing or validating the multivariable prediction model, including 
references to existing models. 

5 

3b 
Specify the objectives, including whether the study describes the development or 
validation of the model or both. 

5 

Methods 

Source of data 

4a 
Describe the study design or source of data (e.g., randomized trial, cohort, or 
registry data), separately for the development and validation data sets, if applicable. 

6 

4b 
Specify the key study dates, including start of accrual; end of accrual; and, if 
applicable, end of follow-up.  

6 

Participants 

5a 
Specify key elements of the study setting (e.g., primary care, secondary care, 
general population) including number and location of centres. 

6 

5b Describe eligibility criteria for participants.  6 

5c Give details of treatments received, if relevant.  7 

Outcome 
6a 

Clearly define the outcome that is predicted by the prediction model, including how 
and when assessed.  

7 

6b Report any actions to blind assessment of the outcome to be predicted.  7 

Predictors 

7a 
Clearly define all predictors used in developing or validating the multivariable 
prediction model, including how and when they were measured. 

7 

7b 
Report any actions to blind assessment of predictors for the outcome and other 
predictors.  

7 

Sample size 8 Explain how the study size was arrived at. NA 

Missing data 9 
Describe how missing data were handled (e.g., complete-case analysis, single 
imputation, multiple imputation) with details of any imputation method.  

NA 

Statistical 
analysis 
methods 

10a Describe how predictors were handled in the analyses.  7 

10b 
Specify type of model, all model-building procedures (including any predictor 
selection), and method for internal validation. 

7 

10d 
Specify all measures used to assess model performance and, if relevant, to 
compare multiple models.  

7 

Risk groups 11 Provide details on how risk groups were created, if done.  NA 

Results 

Participants 

13a 
Describe the flow of participants through the study, including the number of 
participants with and without the outcome and, if applicable, a summary of the 
follow-up time. A diagram may be helpful.  

8 

13b 
Describe the characteristics of the participants (basic demographics, clinical 
features, available predictors), including the number of participants with missing 
data for predictors and outcome.  

8 

Model 
development  

14a Specify the number of participants and outcome events in each analysis.  8-9 

14b 
If done, report the unadjusted association between each candidate predictor and 
outcome. 

NA 

Model 
specification 

15a 
Present the full prediction model to allow predictions for individuals (i.e., all 
regression coefficients, and model intercept or baseline survival at a given time 
point). 

10 

15b Explain how to the use the prediction model. 10 

Model 
performance 

16 Report performance measures (with CIs) for the prediction model. 10 

Discussion 

Limitations 18 
Discuss any limitations of the study (such as nonrepresentative sample, few events 
per predictor, missing data).  

13 

Interpretation 
19b Give an overall interpretation of the results, considering objectives, limitations, and 

results from similar studies, and other relevant evidence.  
13 

Implications 20 Discuss the potential clinical use of the model and implications for future research.  13 

Other information 

Supplementary 
information 

21 
Provide information about the availability of supplementary resources, such as study 
protocol, Web calculator, and data sets.  

15 

Funding 22 Give the source of funding and the role of the funders for the present study.  14 

 

We recommend using the TRIPOD Checklist in conjunction with the TRIPOD Explanation and Elaboration document. 
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